Estimation of autonomic nervous activity using the inverse dynamic model of the pupil muscle plant.
In order to elucidate the mechanism of the pupillary control system, the internal property of the pupillary muscle plant, as well as the autonomic nervous input to the muscle plant, must be analyzed. In this study, we approach the problem first by constructing a new homeomorphic biomechanical model for the human pupillary muscle plant (forward dynamic model). We showed that the model is able not only to reproduce various experimental results that exhibit various nonlinearities but also to explain how such nonlinear responses are generated in terms of the internal property of the model. Then, we contrive a possible method to estimate the autonomic nervous input to the muscle plant. This method utilizes the inverse dynamic model of the pupillary muscle plant so that the autonomic nervous input can be estimated from the pupillary response. We applied this method to the experimental step responses, and showed that the estimated neural input indicates characteristics quite similar to the results of the physiological experiment. Last, we discuss the origin of the pupillary escape and capture as well as the sustained and transient components of the pupillary response, based on the analysis of the forward and/or inverse dynamic model.